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Endorsement (l) from Warren C. Johnson, Morabor Section B-3-3, to 
C. S. Marvol, Chairman, Section B-3. Forwarding report and noting: 

HTho vapor pressure of Levinstein Mustard has boon 
detorainod at 4.0° C. and ovor an appreciable rango 
of composition of tho ingredients. It has boon 
found that tho mustard samplo contains approximately 
1% of a relatively high volatilo material which 
possesses c. volatility about throe times that of 
puro mustard. Tho following 9%  of the samplo shows 
very littlo change in volatility and its valuo is 
about 0.9 of that of pure mustard. Tho data obtainod 
in this study ^rc compared with those previously ob- 
tainod for puro mustard. The sample of Lovinstein 
Mustard studied was from the ordinary plant-run 
material manufactured by Edgowcod Arsenal. Tho data 
may bo of interest in a consideration of certain 
field problems dealing with tho uso of mustard gas.11 

(2) From C, S, Marvol, Chairman, Section B-3 to 
Roger Adams, Chairman, Division B. Forwarding report and 
concurring! 

(3) Twenty-eight copies forwarded to Dr. Irvin 
- Stewart, Secretary of tho National Defense Research Coramittoe, 

as Progress Report under Contract- (B-236, 02Msr-312) with the 
University of Missouri. 

Rogor Adams, Chairman 
by Karris M. Chadwoll 
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"TIE VOLATILITY OP LEVINSTEIIJ MUSTARD" 

H. 2. BEUT 

ABSTRACT 

. 

■ 

The first one percent of a sample of Levinstein Mustard 

(obtained from Edgcv,ood Arsenal) removed by vaporization has 

been found to Give ■ volatility approximately three times that 

of pure mustard.  Upon the successive removal of 3mall amounts 

cf the material by volatilization, the next nine percent shows 

very little change In volatility, and gives a value approxi- 

mately nino-tonthf that of pure mustard.  This report give3 a 

comparison of volatility data of Levinstein Mustard with 

those of pure mustard as submitted in a previous report.  The 

data, of necessity, represent V;;1UJS for finite amounts of the 

components removed in the vaporization.  If it is assumed that 

Raoultf3 lav is obeyed by.the most volatile component, then 

upon extrapolation it is estimated that the most volatile con- 

stituent ha3 a volatility approximately one hundred times as 

great in the pure 3tate a3 <vhcn dissolved in Levinstein Mus- 

tard, or approximately tvo hundred times as great as pure 

muatard.  This suggests that the most volatile constituent is 

a substance of a rather small molecular veight. 

During the course of the experiments it "/as observed that 

the amount of solid.material precipitating from the liquid in- 

creased.  On the basis of the fact that the volatility was 

found to become constant and £ave a value of about nine-tenths 
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that of pure mustard, it nay be concluded that the amount of 

non-volatile impurity in solution in the Levinstein Mustard is 

at a concentration of approximately 0.1 mole fraction. 

Aside from the fact that there is a difference in the 

volatility of Levinstein and pure mustard samples, the informa- 

tion is of interest in other respects*  In the study of the 

toxicity of different types of mustard ca3- this difference in 

volatility is an important factor, depending upon the type of 

procedure used to carry cut the toxicity measurements.  In 

addition, in the dispersal of inuctard £as in the atmosphere by 

high altitude sprays or by other means, it is of importance to 

knov the volatility of the material used.  It i3 of particular 

importance to be avare of the fact that the amount of solid 

material dissolved in the Levinstein Mustard ■ reduces the 

volatility approximately ten percent. 

(The experimental work of thi3 report was carried 

out by Mr. Irby I.I.Dundinj of the University of Missouri.) 



DISCUSSION 

Problem.    The volatility of Levinstein Itfustard is to be 

studied in order to determine hoy this varies with the aaount 

of material reuoved by vaporization. ..-i. single tube supplied by 

Edgev/ood ^rsenal was available for the experiment.  This was 

divided into two portions in order to obtain better check on the 

shape of the curve. The sample was very dark in color and the 

tube contained a solid mass which was practically insoluble in 

acetone.  The supern.itont liquid w^s used but at the conclusion 

of the experiments more solid WiS present. 

Sxpori.iental.    Details of the experimental procedure have beei 

given in two previous formal reports*? In this particular study 

the weight of samplo introduced into the s^tur^tor v/aS recorded 

in order that the d^t^ could be expressed in terms of the 

fraction of the sample volatilized. All measurements were 

carried out at 40° C, this temperature being convenient 

experimentally, l/e v/ill assume that the ratio of the volatility 

of Levinstein mustard to pure mustard at _JL1 working temperatures 

will not Vary from the value ..t 40° by \ significant amount- 4 

email correction 'vould be required due to Ä difference in the 

heat of vaporization of the impurity mid the mustard in going 

from one temperature "to «nother, but the crudeness of the sample 

would hardly justify such .. correction or the equivalent procedur 

of measuring the s.ample at two temperatures. Levinstein mustard 

will froth in the satur..tor _t moderate ratos of flow of gas. .it 

lower velocities of gas flow this was not serious, 

* Formal Reports, Serial Nos. 1x27 and J4.36 by H. E, Bent. 



Results.    The tables give the experimentally determined 

volatility and also the volatility expressed as ^ percentage of 

that for pure mustard. The graph aives values for the 

experimental data, plotted in a manner to be indicated below, 

and also a curve which indicates the volatility as a function 

of the composition. 

In choosing a value for the abscissa for the plot, 

consideration must be given to the fact th^t at the beginning 

of the series the volatility is changing rapidly. E^ch run is, 

therefore, _ji „verage of a'high volatility at the start and a 

low volatility at the conclusion of the run. . This experimental] 

observed volatility, which1is an average, is then plotted 

against the amount of mustard removed, expressed as percent of 

the sample, when half of the sample has been collected. 

Similarly the second volatility is plotted as Ordinate against 

a v^lue for the abscissa 'which represents the tot-;l amount of 

mustard removed when half of the second run had been collected. 

If the volatility were x  linear function of the ...mount of 

material removed, a curve connecting points plotted as above 

would £ive the true volatility as a function of composition. 4U' 

will be noted from the curve, however, there is a very rapid 

decrease in volatility with ^ resulting sh^ip curvature which 

indicates that the true volatility curve should f-11 somewhat t< 

the left of the experimental points. This h^s been suggested 

by the full line drawn on the &r..ph. 
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Since the very volatile fraction constitutes not aiore than 

one percent of the staple one ^y conclude that the regaining 

99# of the s^iplo v.lll obey Haoult's lav; and './ill h^ve a 

volatility of 99^o of wh_.t it would h_.ve in the absence of the 

volatile component, "."e iii^y, therefore, split up tho tot.:JL 

volatility, which is 300;J of th .t of pure iust..rd into two 

p^rts, tho first bein^ th.-.t due to the less vol .tile ia..teri.;l 

which h .s essentially the 8 :jac  volatility . .s pure riust^rd .nd 

the reaänin;. V,o  of the liquid which ziust therefore account 

for ..i volatility of ..pproxLütely twice th..t of .lust.Lra in order 

that the tot .1 will be three tiues th.t of pure "mist^rd.  If we 

now .;ssiL7ie tn_t H^oult's 1 j." is obeyed by this '"ol^tile 

component, which is only ; rough approximation for a substance 

in sn .11 concentration, then we can estiaite that if this 

material \;ere isol .ted it would h..ve .. volatility approximately 

one hundred tidies as great .-.s in Levinstein nust^rd or .i 

volatility two hundred tines *s £re .t ^s pure mustard. _*t 40°C 

this would be something like 500 rag per liter. This suggests 

u  subst .nee of r.ither smell rnolecuL.r weight. 

The non-volatile inpurity, uuch of which crystallized in 

the cont .iner before „nd during the run has not been ^n^lyzed. 

Judging fro.'i the f..ct th..t the fin^l volatility is nine tenths 

of th.t of oure iu.ot.rd we ,n .y conclude th.t .t ie .st * lole 

fr.ction of one- tenth is to be .s.'ii.-rned to the non volatile 

inpurity.  .jiy vol .tility ..ssi^necl to inpur.ities present ne..r th 

conclusion or the experiment would le;.d to the ..ssir-.niaent of a 



v^lue sonewh.*t greater thru one tenth to the conce.:tr .tion of 

the impurity« 

^ZFLRIin^TT.vL VjJJJILS FOx. TEL VOLATILITY 0? 

LEVUTöTEIN MDSTaRD EJ2RB3S3D A-J MS ?2H LITJiä ...T 40°C 

vt. of 
s ^.nple 

7.27 

Run I 

/jnt. 
Collected 

O.U763 

.02196 

.07112 

.05370 

.05343 

.05645 

.05153 

.05432 

.05294 

.05296 

.05153 

Volatility • b. of 
s ...iple 

3.952 

1.034* 

3.362* 

2.527 

2.519 

2.653 

2.409 

2.532 

2.507 

2.463 

2.428 

12.9 

Run II 

.^aount 
Collected 

0.17467 

.05912 

.05431 

.05230 

.05335 

Volatility 

3.193 

2.752 

2.556 

2.489 

2.496 

*During the second determin .tion of the fir^t run t.'ie he..ter 

v:ire on the exit tube of the s„tur .tor becjne detached with 

resulting condens .tion between the s-,tur.tor ..nu the collecting 

tr„p. This cases the second v.lue to be low jau the third high 

but does not ..ffect the re:.i .inder of the runs.  So:ne of the 

inconst .ncy in the v..lues of lj.ter runs is doubtless due to 

the supers „tur..tion of the solution ..nd Ivber cryst..lliz .tion 

of impurities. 



COMP.JRISCN Or THE VOLATILITY Of LEVINSTEIN WITH 

PURE LUST,JD (2.74) ;OT A TäBöLäTIOH OF DATA 

USED FOR TKE ORJPH. 

Run II Run I 

c,'o  of the sample 
remaining when 
half of a Given 
determination 
had been completed 

98.98 

Volatility 70  of the sample 
expressed as remaining when 
L/o  of that of half of a Given 
pure mustard determination 

had been completed 

254 

96.32 

95..53 

94.83 

94.08 

93.36 

92.62 

91.39 

91.17 

92 

92 

97 

89 

92 

91 

90 

89 

Conclusions 

99.32 

93.42 

97.97 

97.56 

97.14 

Volatility 
expressed as 
%  of that of 
pure mustard 

300 

100 

93 

91 

92 

Dit_ have been obtained over the range of composition for 

which the volatility is changing most rapidly.  There is no 

indication the volatilization of u 1-rge fraction of the Baznp! 

would give inything of interest. One flight expect, however, 

that the laat of the sample to vaporize would Give a much lowe: 

volatility due to the accumulation of impurities. This r^nge 

of composition could be studied if much larger samples were 

available. 
Submitted by:  H. E, Bent 
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